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Abstract
Antigenicity of the surface A-layer protein of an atypical Aeromonas salmonicida strain was tested
in goldfish following immunization with various A-protein (AP) antigenic preparations (soluble form,
alum-precipitated, conjugated with polyacrolein nanoparticles, or bacterin). ELISA revealed innate
specific anti-AP antibody activity in all fish on day 0, while no significant antibody enhancement was
seen on days 21 or 42 following the primary immunization. A second stimulation with soluble AP
resulted in a clear response in groups primed with bacterin and alum-precipitated AP but no
response in those primed with soluble AP or AP-nanoparticles conjugate. The implication of these
results for vaccine design is discussed.
Introduction
A wide range of pathogens is associated with
fish diseases. Among the bacteria, Aeromonas
salmonicida, the causal agent of furunculosis,
is one of the oldest known. Due to its economi-
cally devastating impact on cultivated fish, par-
ticularly salmonids, it is considered one of the
most important among fish pathogens (Austin
and Austin, 1993). There are a number of bac-
terial isolates belonging to the species 
A. salmonicidawhich have distinct biochemical
characteristics that are unlike those reported
for typical A. salmonicida subsp. salmonicida.
These isolates are considered atypical strains
and known to be the causal agents of the cuta-
neous ulcerative disease of goldfish
(Mawdesley-Thomas, 1969) or "atypical furun-
culosis" in other species. The rising number of
severe disease outbreaks associated with
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atypical strains, in both freshwater and marine
fish, was the subject of several reports
(reviewed in Wiklund and Dalsgaard, 1998). 
So far, there is no clear-cut information
regarding constituent(s) responsible for the
pathogenicity of the atypical strains, and lack of
such knowledge prevents design of efficient
vaccines. Extracellular A-layer protein (AP) of
atypical and typical strains has been suggest-
ed to be one of the major virulent factors of A.
salmonicida (Kay et al., 1981). The aim of the
present work was to evaluate the immuno-
genicity of several soluble and particulate for-
mulations of this antigen prepared from an
atypical A. salmonicida strain that was isolated
in our laboratory from cutaneous ulcers of dis-
eased goldfish (unpublished data).
Materials and Methods
Bacterial strain and growth conditions. An atyp-
ical strain (F I 2.1) of A. salmonicida, isolated in
our laboratory, was used. This strain is virulent,
A-protein producing and, according to the
majority of biochemical criteria (Popoff, 1984),
could be classified as belonging to the sub-
species A. masoucida. Bacteria were routinely
grown at 18oC for 48 h in complex culture
media BHI broth (Difco) supplemented with
bovine hemin (Sigma). Cells were harvested
by centrifugation (4,100 x g for 15 min at ambi-
ent temperature) and washed twice thereafter
in normal saline. 
A-protein antigenic preparations - bacterin.
A bacterial suspension, prepared in a 48 h cul-
ture, was washed twice with saline by centrifu-
gation (4,100 x g for 15 min at 4°C). The result-
ing pellet was suspended in saline to a con-
centration of 2x109 bacterial cells/ml. Formalin
(Bio Lab Ltd., Israel) was added to a final con-
centration of 0.5% (v/v), and the suspension
was incubated at 37°C for 24 h.
A-protein (AP). A soluble monomeric form of
the A. salmonicida extracellular AP was isolated
from whole bacteria cells using the low pH
extraction method of McCoy et al. (1975) as mod-
ified by Phipps and Kay (1988). The resulting AP
acidic extract (pH 2.3) was collected, neutralized
and stored at –20°C until used. The purity of the
isolated AP was verified by SDS-polyacrylamide
gel electrophoresis (Laemmli, 1970). 
A-protein polyacrolein nanoparticles conju-
gate (AP-paNP). Monodispersed polyacrolein
nanoparticles with an average diameter of 200
nm were prepared by γ-irradiation of acrolein in
an aqueous solution in the presence of SDS as
a surfactant as described by Margel (1984).
Covalent binding of the AP isolated from the A.
salmonicida strain used in this work was per-
formed as detailed by Margel (1989). The con-
centration of the immobilized AP was estimat-
ed by the Lowry assay as modified by Markwell
et al. (1978).
A-protein alum precipitate (AP-alum). Two
ml of the AP solution (2 mg/ml) were precipitat-
ed by dropwise addition of 2 ml aluminum
potassium sulfate solution (Sigma; 4 mg/ml)
accompanied by gentle stirring and simultane-
ous neutralization of the formed suspension to
pH 7.2 with 0.1 N NaOH. The final precipitate
was collected by centrifugation (1,500 x g, 15
min) and resuspended in 4 ml saline.
Goldfish. Six-month goldfish were pur-
chased from a goldfish farm (Gan Shmuel,
Israel) and divided into groups of ten fish. Each
fish was immunized intraperitoneally (i.p.) with
100 µg AP (usually in a volume of 0.1 ml) of one
of the above antigenic preparations. A non-
immunized control group of 15 fish was i.p.
injected with the same volume of saline. Six
weeks after priming, all fish except those in the
control group, received a second i.p. injection
of 50 µg AP in its soluble form. The fish were
bled at three-week intervals, i.e., on days 0, 21,
42, and 63. The resulting sera were kept at
–20°C until checked for antibody activity using
the enzyme-linked immunosorbent assay
(ELISA) performed as reported by Zhong et al.
(1999).
Results
OD405 levels of specific antibodies increased
after both primary and secondary stimulations
(Fig. 1). A basal level (0.52±0.05 OD units) of
‘pre-existing’ anti-A-protein antibodies was
detected in all non-immunized control fish.
Twenty-one days after priming, the antibody
activity level was almost the same in all test
groups (0.61±0.05, 0.56±0.05, 0.58±0.07 and
0.58±0.06 in fish injected with AP, AP-alum,
AP-paNP and bacterin, respectively). A distinct
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decrease in antibody activity on day 42 was
observed in most of the groups; the level was
significantly different (p<0.032) in the AP-alum
group. Antibody activity on day 63 (21 days
after the second injection) revealed a clear
response in fish injected with bacterin
(p<0.0067) and AP-alum (p<0.014) but not in
fish primed with AP and AP-paNP.
Discussion
The above data reveal: (a) the occurrence of
pre-existing (i.e., natural) anti-A-protein anti-
bodies in non-immunized fish, (b) the unre-
sponsiveness of the fish to active immunization
with different immunizing forms of A-protein,
and (c) evidence of immunological memory fol-
lowing a second stimulation in the AP-alum and
bacterin groups.
The pre-existence of specific antibodies
against the A. salmonicida A-protein in asymp-
tomatic fish populations was reported for
Atlantic salmon (Salmo salar) by Stromsheim
et al. (1994). Smith (1940) suggested that nat-
ural antibodies are the result of previous con-
tact of the fish with the pathogen. Our data
seem to agree with this suggestion, mainly
because most Israeli goldfish hatcheries,
including the one from which our fish were
obtained, are contaminated with A. salmonici-
da. The failure of fish in all treatments to
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Fig. 1. A-protein antibody response in goldfish 21 and 42 days after immunization with one of several
antigenic preparations of A-protein and 21 days (Day 63) after a second immunization with soluble AP.
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respond to primary stimulation by enhancing
their level of antibodies suggests that the fish
may not have acquired specific memory follow-
ing their original contact with the antigen. The
failure to develop specific memory may be
related to the peculiar structure of A-layer pro-
tein since (a) normal fish macrophages are
unable to process A-layer positive virulent
strains of A. salmonicida (Olivier et al., 1986;
Graham et al., 1988), and (b) macrophages are
involved in antigen processing and develop-
ment of T-helper memory cells (Avtalion,
1981).
AP-alum and bacterin stimuli, but not solu-
ble AP and AP-paNP conjugate, evidently
induced immune memory after the second
stimulus with soluble AP which, by itself or
when conjugated to nanoparticles, was inca-
pable of inducing a distinct primary response.
Nanoparticles were used in the present study
because they were shown to highly enhance
bovine serum albumin immunogenicity in mice
when coupled with this protein (data not
shown).
The design of improved bacterial vaccines
remains an urgent need for effective control of
furunculosis in salmonids and goldfish ulcera-
tive disease (reviewed by Austin, 1997). Our
work is primarily concerned with assessment of
the immunogenicity of the extracellular A-layer
protein, which was reported to be directly
involved in A. salmonicida pathogenicity (Kay
et al., 1981). Our results indicate the efficiency
of isolated soluble AP as a secondary stimulus
but not as a primary, and that efficient priming
should be performed with a modified form of
the AP antigen. Chemical modification of the
AP antigen, or its conjugation to appropriate
specific memory-cell stimulating nanoparti-
cles, might be useful in preparing a potent vac-
cine.
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